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1.0 GENERAL SUMMARY 
This study did not analyze a potential retrofit of the existing once-through cooling system at 
Morro Bay Power Plant (MBPP), but instead updated an analysis conducted by Tetra Tech in 
2002 at the request of the Central Coast Regional Water Quality Control Board (CCRWQCB). 
That study evaluated the cost and feasibility of alternative cooling system technologies, including 
wet and dry towers, for the proposed repowered facility that would have replaced the existing 
generating units with two combined cycle systems. The basis for this analysis, therefore, is not a 
conversion of the existing system but rather a comparison of the costs and logistical constraints 
that MBPP might face if the repowered units were designed with closed-cycle cooling instead 
continued use of the once-through system, as proposed by Duke Energy (former owner) in 2000. 

Wet cooling towers are both technically and logistically feasible at MBPP, although a potential 
concern exists over the ability of a retrofitted MBPP to meet the PM10 emission goals established 
by the San Luis Obispo Air Pollution Control District, principally due to the increased emission 
from the towers themselves. 

As designed, the wet cooling tower system selected as a replacement for MBPP conforms to all 
identified local use restrictions, such as noise, building height, and visual impact. Conventional 
(non plume-abated) wet cooling towers serve as the basis for analysis in this chapter. If required, 
plume-abated towers could be located at the site, although additional area would be required and 
would result in an increased tower capital cost (2 to 3 times the cost of conventional towers) as 
well as marginal increases in parasitic energy usage. The general design basis of the selected 
cooling tower, including plume abatement technologies, is discussed further in Section 3.2.3. 

An energy penalty analysis was not developed for MBPP in the same manner as for other 
facilities in this study. Because this evaluation addresses the proposed MBPP repowering project, 
any changes to thermal efficiency that would occur with a closed-cycle system could be 
addressed in the initial design (e.g., reconfiguration of the condenser or including a turbine 
designed for different operating conditions). Comparing the efficiency of the current system to 
that of the repowered facility skews any resulting difference. 

This study, therefore, is limited to a capital cost evaluation with an allowance for annual 
operations and maintenance (O&M) costs. 

1.1 COST  

Initial capital and Net Present Cost (NPC) costs associated with installing and operating wet 
cooling towers at MBPP are summarized in Table I–1. Annualized costs based on 20-year 
average values for the various cost elements are summarized in Table I–2. 
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Table I–1. Cumulative Cost Summary 

Cost 
category 

Cost 
($) 

Cost per MWh 
(rated capacity) 

($/MWh) 

Cost per MWh 
(2006 output) 

($/MWh) 

Total capital and start-up [a] 94,012,500 10.40 46 

NPC20
[b] 104,300,000 11.54 51 

[a] Includes all costs associated with the cooling tower construction and installation and shutdown loss, if any. 
[b] NPC20 includes all capital costs and operation and maintenance costs over 20 years discounted at 7 
percent. 
 

Table I–2. Annual Cost Summary 

Cost 
category 

Cost 
($) 

Cost per MWh 
(capacity) 
($/MWh) 

Cost per MWh 
(2006 output) 

($/MWh) 

Capital and start-up 8,400,000 0.93 4.07 

Operations and maintenance 1,000,000 0.11 0.48 

Total MBPP annual cost 9,400,000 1.04 4.55 
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2.0 BACKGROUND 
MBPP is a natural gas-fired steam electric generating facility in Morro Bay, San Luis Obispo 
County. The existing facility consists of four conventional units (Units 1-4) with a combined 
generating capacity of 1,002 MW. The repowered facility, as proposed, would include two new 
combined-cycle units, each comprised of two gas combustion turbines, one heat recovery steam 
generator (HRSG) and one steam turbine. The combined capacity of the new units is 1,200 MW, 
although this includes duct firing, which increases the operating heat rate, thus decreasing the 
unit’s efficiency by approximately 4 percent. Without duct firing, each unit is rated at 516 MW 
for a facility total of 1,032 MW. Duct firing is typically used during peak demand periods when 
ambient conditions warrant. 

 
Figure I–1. General Vicinity of Morro Bay Power Plant 

2.1 COOLING WATER SYSTEM 

MBPP operates one cooling water intake structure (CWIS) to provide condenser cooling water to 
Units 1–4. The existing facility has a once-through cooling water capacity of 668 million gallons 
per day (MGD) and an average flow rate of 567 MGD. The proposed facility will have a design 
cooling water flow rate of 475 MGD and an average flow rate of 372 MGD. 

Surface water withdrawals and discharges are permitted by National Pollutant Discharge 
Elimination System (NPDES) Permit CA CA0050610 as implemented by CCRWQCB Order 
R3-2001-0014. Cooling water is withdrawn through a surface intake located along the shoreline 
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of Morro Bay, and discharged, along with other low-volume wastes, through a submerged outfall 
extending offshore into Estero Bay north of Morro Rock (Figure I–2). 

 
Figure I–2. Site View 

2.2 SECTION 316(B) PERMIT COMPLIANCE 

The CWIS currently in operation at MBPP does not use technologies generally considered to be 
effective at reducing impingement mortality and/or entrainment. Based on the low capacity 
utilization of the existing facility, the findings from the 2002 Tetra Tech report and the 
anticipated repowered facility in the next several years, the CCRWQCB did not include any 
numeric limitations or requirements regarding impingement mortality or entrainment in the 
current order. Instead, the order established a compliance schedule that required MBPP to 
conduct monitoring in Morro Bay with the intent of establishing a biological baseline and 
possibly evaluating the long-term effects of the facility’s cooling water intake. MBPP was also 
required to comply with Comprehensive Demonstration Study schedule outlined in the Phase II 
rule (CCRWQCB 2007). It is not clear how the CCRWQCB intends to proceed with this 
requirement in light of the Second Circuit decision. 
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3.0 WET COOLING SYSTEM RETROFIT 

3.1 OVERVIEW 

This study evaluates saltwater cooling towers as part of a repowering of the existing MBPP, with 
the current source water (Morro Bay) continuing to provide makeup water to the facility. Use of 
wet cooling towers, combined with the reduced cooling water demand from the new combine-
cycle units, results in a cooling water intake demand that is 98 percent lower than the current 
facility; rates of impingement and entrainment will decline by a similar proportion. Use of 
reclaimed water was considered for MBPP but not analyzed in detail because the available 
volume cannot serve as a replacement for once-through cooling water. 

The wet cooling towers’ configuration—their size, arrangement, and location—was based on best 
professional judgment (BPJ) using the criteria outlined in Chapter 5 and designed to meet the 
performance benchmarks in the most cost-effective manner. Information not available to this 
study that offers a more complete facility characterization may lead to different conclusions 
regarding the cooling towers’ physical configuration. 

Cost estimates are based on vendor quotes developed using the available information and the 
various design constraints identified at MBPP. 

3.2 DESIGN BASIS 

3.2.1 CONDENSER SPECIFICATIONS 

Limited information describing the design specifications of the new combined-cycle units was 
available. For this study, the wet cooling tower conceptual design selected for MBPP is based on 
the standard assumptions regarding condenser thermal loads in combined-cycle units and basic 
information describing the existing condensers. It is noted, however, that the condenser 
specifications in the new units may be different from the current configuration (i.e., optimized for 
service with wet cooling towers). 

Parameters used in the development of the cooling tower design are summarized in Table I–3. 
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Table I–3. Condenser Design Specifications 

 Unit 1 Unit 2 

Thermal load (MMBTU/hr) 1650 1650 

Surface area (ft2) 90,000 90,000 

Condenser flow rate (gpm) 165,000 165,000 

Tube material Al Brass Al Brass 

Heat transfer coefficient (BTU/hr•ft2•°F) 485 485 

Cleanliness factor 0.85 0.85 

Inlet temperature (°F) 56.5 56.5 

Temperature rise (°F) 20.01 20.01 

Steam condensate temperature (°F) 91.7 91.7 

Turbine exhaust pressure (in. HgA) 1.5 1.5 

 

3.2.2 AMBIENT ENVIRONMENTAL CONDITIONS 

MBPP is located in San Luis Obispo County adjacent to Morro Bay. Surface water temperatures 
were obtained from the NOAA Coastal Water Temperature Guide for Morro Bay, CA (NOAA 
2007). The wet bulb temperature used in the development of the overall cooling tower design was 
obtained from American Society of Heating, Refrigerating and Air-Conditioning Engineers 
(ASHRAE) publications. Data for coastal San Luis Obispo County indicate a 1 percent ambient 
wet bulb temperature of 64° F (ASHRAE 2006). An approach temperature of 12° F was selected 
based on the site configuration and vendor input. At the design wet bulb and approach 
temperatures, the cooling towers will yield “cold” water at a temperature of 76° F. 

3.2.3 LOCAL USE RESTRICTIONS 

3.2.3.1 NOISE 
Limitations on noise are contained in the city of Morro Bay Noise Element to the General Plan. 
Noise is limited to 65 dBA in areas where outdoor uses may be affected. The wet cooling towers 
designed for this study include low noise fans in order to comply with this regulation. 

3.2.3.2 PLUME ABATEMENT 
Local zoning ordinances do not contain any specific criteria for addressing any impact associated 
with a wet cooling tower plume. Using the selection criteria for this study, plume abatement 
measures were not considered for MBPP; all towers are a conventional design. The plume from 
wet cooling towers at MBPP is not expected to adversely impact nearby infrastructure. 

Community standards for assessing the visual impact associated with a cooling tower plume 
cannot be determined within the scope of this study. CEC siting guidelines and Coastal Act 
provisions evaluate the total size and persistence of a visual plume with respect to aesthetic 
standards for coastal resources; significant visual changes resulting from a persistent plume 
would likely be subject to additional controls. 
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